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Abstract 
Closed sorption heat storage opens up a way to achieve seasonal thermal storage without loss during storage. Thermal 
energy is not stored as sensible heat or latent heat, but by the separation of substances. In this manner it is possible to 
store heat, or better said, the potential to regain heat. 
Such a system functioning as an absorption heat pump with intermediate storage is well suited for long term thermal 
energy storage. Nevertheless, the conversion losses in both the regenerating and heating process make it inferior to 
sensible thermal storage for short storage cycles. For this reason a hybrid system including a water tank as sensible 
thermal storage to cover the thermal demands of several days, and a closed sorption heat storage to cover longer 
periods of insufficient solar thermal input is proposed.  
The storage system energy density is directly proportional to the sorbate mass difference between regenerated and 
diluted sorbent. In order to reach high utilization, a large dilution in the sorbent must be reached during heating mode. 
Thus, the operating temperature parameters must be adjusted and regulated accordingly.  
In the scope of the EU funded project COMTES, a prototype system based on the working pair sodium hydroxide and 
water is under construction. The system is dimensioned to cover space heating as well as domestic hot water in a 
single family house in Zurich, built to passive energy standards. The prototype is starting operation in spring 2014 
whereby the system is regenerated to be ready to cover the heating demands the following winter. 
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1. Introduction 
The European Council of 11th and 12th December 2008 agreed to implement the 20-20-20 targets to 
reduce by 20 % the emissions of greenhouse gases, increase by 20 % the energy efficiency in the EU and 
to reach 20 % of renewable energy in the total energy consumption in the EU by the year 2020. On 25th 
May 2011, the Swiss Federal Council decided a nuclear power phase-out by not extending running times 
or building new nuclear power plants. The first power plant will stop running in 2019, the last in 2034. In 
order to master these demanding steps the storage of renewable energy becomes essential. This is the case 
for renewable energy in the form of electricity as well as heat. In Switzerland 37 % of all consumed 
energy is used for space heating and domestic hot water [1]. The efficient storage of solar heat has 
tremendous potential to supply this demand. Towards this objective much work has been done at EMPA 
based on the concept of sorption heat storage.  
In sorption heat storage, heat is stored by separation of substances [2, 3]. To retrieve heat, the 
substances are recombined. No thermal insulation is required. The process functions under exclusion of 
non condensing gasses and is represented by the following reaction scheme: 
 
AB (liquid or solid) + heat  ֞A (liquid or solid) + B (gaseous) 
B (gaseous)  ֞B (liquid) + heat  
 
(1) 
 
EMPA’s closed sorption heat storage is based on a continuous, but not full cycle, liquid state 
absorption heat pump [4]. Fig. 1 shows the concept in the form of a temperature and pressure diagram of 
a sorption heat pump on the left and the same diagram facilitated with storage tank indicators on the right.  
The operating principle is as follows; two chambers are connected as shown in Fig. 1. Chamber 1 
functions as desorber as well as absorber and contains the sorbent. In the scope of this task the sorbent is 
an aqueous sodium hydroxide solution. Chamber 2 is the condenser and evaporator, containing the 
sorbate. In the scope of this work the sorbate is water. The reversible chemical reaction, in the case of 
sodium hydroxide and water, is: 
 
NaOH . (m+n)H20 + heat  ֞NaOH . mH20 + nH2O (2) 
 
The system is facilitated with storage vessels to contain the working pair in its separated as well as 
combined state. Heat is not directly stored but the potential to regain heat at a desired temperature from a 
low temperature heat source. In addition to achieving a potential increase in volumetric energy density 
compared to hot water storage, the closed sorption heat storage system has the markable benefit of no 
loss, in the potential to regain heat, during storage. Thermal energy losses occur in the conversion 
processes at elevated temperatures, but not during storage at room temperature. This technology is thus 
highly attractive for seasonal solar heat storage. 
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Nomenclature 
 
TAin Temperature of the fluid to be heated entering the absorber  
TAout Temperature of the heated fluid departing the absorber 
TEout Temperature of the fluid departing the evaporator  
TDin Temperature of the fluid entering the desorber 
TCin Temperature of the fluid entering the condenser  
TCout Temperature of the fluid departing the evaporator 
wsh Concentration [kgNaOH / kg solution] of the regenerated sorbent  
wsl Concentration [kgNaOH / kg solution] of the diluted sorbent 
Δws Concentration [kgNaOH / kg solution] difference between wsh and wsl 
SH Space heating 
DHW Domestic hot water 
NaOH Sodium hydroxide 
2. System parameters 
2.1. Charging 
Regeneration or charging of the storage system occurs by supplying heat from a heat source such as 
solar collectors to chamber 1. Fig. 1 visualizes the process. Diluted sorbent is heated by the heat source in 
chamber 1, whereby water vapor from the diluted sorbent is driven by a pressure difference to chamber 2, 
where it is condensed. The latent heat of evaporation is then released to the environment. In this process 
chamber 1 and 2 function as desorber and condenser respectively.  
This process is temperature regulated so that a desired sodium hydroxide concentration in chamber 1 
can be reached. The achievable concentration depends directly on the temperature difference between 
desorber and condenser.  
Both the resulting sorbent with high sodium hydroxide content and the water are stored separately. The 
liquids may then reach room temperature without potential loss, as long as reversed vapor transport is 
inhibited. The losses in storage are restricted to sensible heat loss of the liquids, which is approximately 
10 % of the totally stored energy.  
2.2. Discharging 
In heating or discharging mode, chamber 1 and 2 function as absorber and evaporator respectively. 
Water is introduced to chamber 2 and evaporated by employing a low temperature heat source. Water 
vapor is thus driven from chamber 2 to chamber 1, where it is absorbed by the sorbent, releasing the latent 
heat of evaporation and heat of dilution. Due to the high affinity of water to sodium hydroxide, vapor is 
readily absorbed by the sorbent whereby a temperature increase results caused by this phase transition. 
 
 B. Fumey et al. /  Energy Procedia  57 ( 2014 )  2370 – 2379 2373
 
Fig. 1. The principle operation of the closed sorption heat storage in charging as well as discharging mode. The large and small fonts 
illustrate the sodium hydroxide solution concentration, wsh and wsl. 
 
2.3. Regenerating temperature specification 
The required regenerating temperature TAin is dependent on the condensing temperature TCout. The 
higher the temperature difference TAin - TCout, the greater the gained sodium hydroxide concentration. 
Fig. 2 shows the relationship of TAin - TCout to the sorbent concentration. 
 
 
Fig. 2. Maximum sodium hydroxide concentration in the solution versus the charging temperature difference  
TAin - TCout under exclusion of non condensing gasses. Temperature differences due to the heat exchanger are not included. 
 
A limiting facture to the concentration increase is the crystallization of the aqueous sodium hydroxide. 
Fig. 3 shows the solidification line of aqueous sodium hydroxide in dependence of concentration and 
temperature. At concentrations above 50 wt% [sodium hydroxide in water] and temperatures below 12 °C 
the solution crystallizes. Thus concentrations above 50 wt% are not preferable to system operation as long 
as no special measures are taken towards handling solids (crystalline parts). It is important to note that 
crystallization also occurs at concentrations between 35 wt% to 42 wt% and temperatures lower than 
12 °C. In the regenerating as well as the heating process this is no problem due to the elevated 
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temperatures present. Nevertheless, during storage of diluted solution crystallization could occur. In order 
to prevent crystallization in storage after heating, dilution to 30 w% or below is necessary. A building 
integrated system may well be placed in the buildings basement where temperatures down to 12 °C can 
be expected.  
  
 
Fig. 3. The solidification line of sodium hydroxide in water dependent on temperature and solution concentration [4]. 
 
2.4. Resulting heating temperature 
The resulting heating temperature TAout during discharging is dependent on the sodium hydroxide 
content in the regenerated sorbent wsh entering chamber 1 as well as the output temperature of the 
evaporator TEout of chamber 2. Fig. 4 illustrates this. Care must be taken to keep TEout as high as possible in 
order to achieve high heating temperatures. This is especially important in the production of domestic hot 
water. At a concentration of 50 w% sodium hydroxide in water, a temperature increase of approximately 
37 K can be reached. Thus, if domestic hot water at 50 °C is required, TEout must be at least 13 °C. 
 
 
Fig. 4. The output temperature TAout in dependence of the maximum sodium hydroxide concentration and the evaporator temperature 
TEout. 
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2.5. Capacity 
In respect to the heating capacity the parameter of interest is the change in sodium hydroxide 
concentration Δws in the sorbent. Figure 5 shows the volumetric energy density versus the resulting 
dilution, starting at a concentration of 50 w% and based on the resulting diluted solution volume. A heat 
pump efficiency of 70 % is assumed.  
 
 
Fig. 5. The volumetric energy density in respect to the starting concentration of 50 w% sodium hydroxide in water and the 
respective diluted concentration based on the diluted concentration volume. 
 
It can be noted that the volumetric energy capacity is derived from the maximum dilution based on the 
initial concentration of sodium hydroxide in the sorbent. Which is equivalent to the quantity of water 
vapor mv transported from chamber 1 to 2 and vice versa. 
The maximum sorbent dilution in turn is conditioned on the temperature of the water entering the 
absorber TAin and the temperature of the low temperature heat supply departing the evaporator TEout. The 
difference between TAin and TEout must be as low as possible to achieve a high exploitation, and so reach a 
high capacity. Fig. 6 shows the relationship of the temperature difference TAin - TEout to the resulting diluted 
concentration.  
 
  
Fig. 6. The relationship of the temperature difference TAin - TEout to the resulting concentration in the heating mode. 
 
From this discussion it can be concluded that the output temperature and the storage capacity are based 
on the same parameters, namely TEout, TDin and TCin whereby the capacity additionally depends on TAin. 
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3. Prototype system 
With financial support from the European Union a prototype system is now under construction. The 
aim of the development is to build a heat storage system able to provide 100 % solar coverage for a single 
family house built to passive energy standards and located in Zürich.   
Due to conversion losses encountered in the regenerating as well as the heating process of the closed 
sorption heat storage system, a hybrid system is proposed. This system includes sensible heat storage in 
water tanks for short term storage complemented with a closed sorption heat storage for seasonal heat 
storage. 
The ideal proportion between sensible storage and sorption storage remains to be quantified and will 
highly depend on the climate conditions. Further simulations as well as field tests are required. 
As an indication of the proportions figure 7 gives insight based on the sensible hot water storage. From 
the diagram it can be noted that with an adequate high collector area of 10 m2 per person, a single family 
house for 4 persons built to passive energy standard in Zurich Switzerland reaches an annual solar 
fraction of 90 % with a storage volume of 4 m3. To reach 100 % solar fraction with the equivalent 
collector area a storage volume of 24 m3 is required. This is due to the high heat loss in sensible heat 
storage over time. By replacing the seasonal sensible heat storage tank with a closed sorption heat storage 
system, the required storage volume for 100 % solar fraction will be substantially reduced.  
 
 
Fig. 7. The relationship of collector area per person to storage volume per collector area in respect to annual solar fraction. 
 
3.1. System layout 
The prototype system will consist of solar collectors, hot water tanks, a closed sorption heat storage 
system and a geothermal heat exchanger. In operation, solar heat is primarily used to heat the hot water 
tanks. Excess heat is employed to regenerate the closed sorption heat storage system, whereby the heat is 
released to the ground via geothermal heat exchanger. Heat for space heating and domestic hot water is 
initially supplied from the hot water tanks. When these are discharged, the closed sorption heat storage 
functions as an absorption heat pump by supplying heat at elevated temperatures to the tanks from the 
grounds low temperature heat source. 
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For an optimized energy density, system layout and operation are critical. Parameters with high 
influence are: 
x The proportion between sensible heat storage and sorption heat storage. 
x The degree of solvent concentration and dilution. 
x The carful management of heat and heat production in respect to exergy. 
The proportion between sensible heat storage and sorption heat storage is highly dependent on the 
climate in which the system is operated and the final system engineering. Even though rough proportions 
are calculated and compact build is emphasized, this is not the momentary main focus. There will be 
much room for improvement once the principle operation is validated. 
On the other hand, concentrating and diluting the solvent well, and the carful managing heat, are 
parameters that must be taken into consideration in the operating scheme.  
In order to reach low sodium hydroxide concentrations in the heating process and thus a high 
volumetric energy density the temperature difference TAin - TEout must be kept low, preferably only 8 K as 
indicated in Fig. 6. For this reason either TEout must be kept as high as possible, or TAin must be as low as 
possible. TEout is based on the bore hole temperature, as such nothing can be altered. Nevertheless in order 
to increase temperatures, support from low temperature solar harvesting is possible. 
To keep TAin low, the heating water must be cooled before reheating. This can be achieved by using the 
water returning from space heating to evaporate sorbate in a second heat pump prier to heating this water 
again, as illustrated in Fig. 8 left. In this way returning water from space heating at temperatures of 
approximately 25 °C can be supplied to a second evaporator to reach domestic hot water temperatures.  
Connecting several heat pumps in series as illustrated in Fig. 8 right, in order to increase the output 
temperature is not effective and reduces the system efficiency as well as its volumetric energy density. 
This is due to the temperature limitations imposed on the water to be heated in conjunction with the 
resulting diluted sorbent. If a dilution to 25 w% is sought then the temperature of the water to be heated 
entering the absorber of heat pump 1 can be only 8 K higher then the fluid departing the respective 
evaporator going to the geothermal heat exchanger. The water departing the evaporator of heat pump 2 
enters the absorber of heat pump 1. This means that the evaporator temperature of heat pump 2 can only 
be 8 K higher then the evaporator temperature of heat pump 1. In this case, heat pump 1 is limited to a 
temperature gain of 8 K.  
 
   
Fig. 8. Left, in series with space heating, a second heat pump is implemented; Right, the problem of the temperature gain with 
connecting heat pumps in series. 
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3.2. System schematics 
For maximum flexibility in operating the prototype system, all components are connected to the water 
tanks in parallel. In this manner a hydraulic bus system is set up, whereby every connected subsystem can 
import or extract heat independent of the other subsystems. Figure 9 shows the schematics. Three water 
tanks holding 1000 l each are connected in series forming the sensible heat storage. The solar thermal 
collector subsystem has access to every tank individually. The heat supply and the total solar gain can so 
easily be adjusted. The combined desorber and absorber unit of the closed sorption heat storage system is 
also connected so that heat can be extracted or imported to each tank individually. The combined 
condenser and evaporator unit on the other hand is connected only to the buffer tank in order to gain heat 
at low temperatures for evaporation purposes. Space hating and domestic hot water are connected 
according to their temperature requirements.  
 
Fig. 9. The simplified schematic of the experimental setup. 
 
3.3. System build 
In order to maintain flexibility in the testing phase, the system will be integrated into a shipping 
container, with the collectors mounted on top. All system components will be contained there in. For 
testing purposes the heat storage system can thus be transported and connected to buildings under varying 
conditions. Fig. 10 illustrates a birds view of the setup.  
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Fig. 10. The prototype system to be constructed. 
 
4. Conclusion and outlook 
The basic concept of the closed sorption heat storage based on sodium hydroxide and water is 
presented. The potential and limitations of the heat storage concept are discussed and solution approaches 
presented. A fully sized prototype to supply all heat requirements of a single family house is under 
construction. The running storage development is part of the COMTES (combined development of 
compact thermal energy storage technologies) collaborative project. 
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